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ARTICLE INFO ABSTRACT

Article history: This work is an experimental stufiyr plasma actuators to get a maximum efficiency
Received 3 March 2016; accepted 2 at the best operating conditions using severalabées such as different electrodes
May 2016; published 26 May 2016 materials, horizontal distances between the effeciind ground electrodes, also two

type of dielectric materials used like Poly metimyethacrylate (PMMA) and high
density polyethylene (HDPE). The discharge plasn@s wroduced by AC power

Keywords: supply source of 8 KHz frequency and applied vasgaB, 5, 7, 9) kV. The results
plasma actuator, efficiency, discharge show that, the efficiency have maximum value, up0t®5, when the dielectric is
plasma PMMA, copper electrodes, applied voltage of 7kVd dmm dielectric thickness. It's

clear there was distinction efficiency up to 0.20ng aluminum electrodes of 2mm
thickness for PMMA dielectric and 5kV as applieditage. Also, most likely the
efficiency decrease with the increasing horizontal distanted®n the two electrodes.

INTRODUCTION

Plasma actuator have a wide usage based on a diertgetric barrier discharge (SDBD) mechanisnihas
desirable features for use in air at atmosphegsgures. The aerodynamic benefits of the induceg fmce
from these actuators were first publicized in thd of 1990s. Roth et al. was among the first tbagtithe DBD
actuator to manipulate the boundary layer on apllatie over a range of free stream velocities (R.sBheret al
(2011).

The dielectric barrier discharge (DBD) plasma afttuaonsists of two electrodes separated by didde
material. The active electrode is exposed whiedther is covered by the dielectric. To operageattuator, a
high voltage AC signal is applied on the activecglt®de. This causes a plasma discharge to form tweer
surface of the dielectric between the exposed awdred electrodes. The discharge causes an iomid i
flow across the actuator. In still air, the actwataluces a flow that draws air toward the surfatthe actuator,
and accelerates this air downstream in a diredéogential to the dielectric. This is the resultcoflisional
momentum transfer from the ions and electronsempiasma with the neutral fluid molecules surrongdhem.
It is clear that the actuator itself forms and é=@ees the plasma; the reaction force on the tartimsmall but
readily measured (J. W. Ferry, (2010).

The produced plasma and the cathode electroda®leat® provide current continuity at this intead he
current in the boundary region consists of two congmts: the conduction current (Ic) and displacdroarrent
(Ip) hence the displacement current is equal zeroGrfiBlds, and the remaining conduction current Wwhi@s
consists of electron and ion components (D. E. Ashpal (2012). For AC fields, the contribution of the
displacement current to the total current increasbsre applied voltage increase’s, when the opwgati
conditions (applied field, electrode cross sectoea, static Pressure, and frequency) are suchihtbaturrent
density in the boundary region near the cathodedispendent of the flow current in the circuit, tischarge is
called a glow discharge (T. Corlat al (2009). The initiation of the ionization occurs avhthe potential
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difference between the electrodes exceeds a minithoeshold (D. Orlov,(2006). A set of methods ufad
calculate of current that passing through insudatnaterial, such electric charge method or shesistance
method or Rogowski coil. The most widely used cétpace method or shunt resistance methods (Wabeg,
et al. (2003).

One of the most relevant topics for future appiara of plasma actuators is the efficiency of thecé
production. In this work, we have focused on aspeoch as applied voltage, dielectric materialsctedbdes
materials, and electrodes distance and their aeraagt to achieve optimized efficiency.

MATERIALS AND METHOD

As mention previously, the dielectric barrier diage (DBD) plasma actuator consists of two ele&sod
separated by dielectric material. Poly methyl raetiilate (PMMA) is an acrylic material with a Idietric
strength of 25 MV/m and good uniformity. The didtec strength and uniformity prevent discharge plas
between the electrodes, making PMMA an effectivd ealiable dielectric material for the plasma deaje
(Justin C. Zitcet al. (2010).

The plasma actuator arrangement within the glokaéemental setup for this work is shown in figyie;
the active electrode supplied with AC voltage whitve enough energy to plasma generation in air.

active electrode S dielectric
< D/ h

~ ’712 & ‘ Ground electrode

- 2

HV Probe , HV Probe

M o 00O
oscilloscope

Fig. 1: Single dielectric barrier discharge plasawuator setup.

The practical experience is made up of AC highagit device, the dielectric polymer material is pthc
between the two electrodes, area of dielectric x3Bcnt  with (1-5) mm as thickness. The active electrode
length) 1cm) , width (1cm) and (1 mm) thicknesspathe grounded electrode length is) 2cm) , (heid)h and
(2 mm) thickness. The ground electrode was cdeddo a shunt resistance of 10Mthen grounded to earth.

Two High voltage probe was used, Attention ratio0Q:1) volt, AC (PD-28)[SEW-made in Taiwan] with
two digital multimeters and TWINTEX digital Oscioope, TSO 1202, 200MHz, 1GSa/s connected with high
voltage probe for actuator electrodes.

The voltage in an AC circuit is representing in &ipn (Boylestad,(2010):

V=vy, sin(wt T¢) 1

Hence, y,is maximum voltagé? is phase angle.
The electrical consumed power (input powef)plasma actuator is calculate from the relation
(Boylestad,(2010):

2 [ 106). VDt

Pav = )
V\E

Pay= HCOS[‘F] (3)

p. = ?)z| cos(g) VI COS("?ﬂj (4)

Hence codF is power factor representing cosine of angel betwvoltage and current in AC circuits. The
power dissipated by the resistor at any instantimé can be found by simply substituting the tine,

resistance state¥ — O, The average real power (output power) in theaéign (3) becomes :
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Pa- 12 (5)

The actuator efficiency is the efficienafytransforming the electrical energy to mechanaeergy
which can be calculated as the ratio between theub@nd input powers of the actuator circuit. hder, to
consider the actuator performance with referencéhéosupply conditions related to the momentumstiem
mechanism, the efficiencyis defined as the ratio between the produced p&ygand the consumed power
Pin. (Boylestad (2010):

n= Pou'(. / Pin. (6)
RESULT AND DISCUSSION

In this section, we will view and discuss the réstihat were obtained from experiments. The resuilts
show the effects of the applied voltages, the edeets and dielectric materials and the horizontal ertical
(dielectric thickness) distances between the twoteddes on efficiency of the actuator.

Two materials of polymer are used, as a dieledtdtween the electrodes, in current experimentsy pol
methyl methacrylate (PMMA) and high density polydtime HDPE to optimize the actuator efficiency. Tha
was done in a set of varied operating parametech si$ applied voltages (3-9) kV of 8kH frequency),
electrodes materials type (Copper and Aluminum)] dielectric materials thickness (1-5mm). Also the
horizontal distance (0-8) mm between the two edefes.

1. The Actuator output power:

The out power of the plasma actuator is an impoanameter because it indicates the final efficyeof
the actuator. So that, it was calculated, for tlsma actuator in this work, using equation (5)ekehthe shunt
resistance is 10 B among a range of applied voltage from 2.7 to 11ak\shown in figure (2).

Figure (2a) shows the behavior of the out powea sction of the applied voltage when the eleamois
copper and the dielectric is high density polyethg in different thicknesses (1-5)mm. It appears,
approximately, linear increasing for the power witike increasing of applied voltage and small desingawith
the dielectric thickness increasing. That is beeathe effect of the electric field and the capawciéaof the
arrangement that were affected by the applied geland the vertical distance between the electr@tialectic
thickness).

Figure (2b) shows the results for experiment atesaimove conditions except that when the dielectric
material is the poly methyl methacrylate. It shoinggeneral, same behavior as in (2a), but the pisgreater,
which makes the (PMMA) material better than HDPBafTis because electric field behaver inside digte
material, and its effect on chemical bonds ghéir.
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Fig. 2: The plasma actuator out power as a function ofaiygied voltage for different dielectric thicknesse
when the dielectric materials are, a) HDEP, b) PMMA

For comparison purpose, the out power was calaljlaising equation (5), for cooper and aluminum
electrodes and same dielectric material is PMMAtaswn in figure (3). The figure show clearly thiag tout
power of the plasma actuator greater when the wherelectrodes material is copper than that of alum
along all the rage of allied voltages.
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Fig. 3: The plasma actuator out power as a function ofajyelied voltage when the electrodes material is
Copper and Aluminum, and the dielectric materiddMA.

2.The Actuator Efficiency:

The criteria for good plasma actuator is its apild transform the applied power to mechanical poive
other word its efficiency to transform the applieléctric power to out power. The operating parametdhe
actuator affects the efficiency. In this sectiore will view the effect of some of these parametmnsthe
actuator efficiency, such the dielectric thicknéss. the vertical distance between the two eletss) and the
horizontal distance the two electrodes. To givelbexplanation, that was done at a range of agplidtages,
different electrodes and dielectric materials.

3. The Didlectric Thickness Effect:

The actuator efficiency was calculated, using déquaf6) for different dielectric thicknesses where t
electrodes are copper and aluminum and dielectatenals are HPED and PMMA. Figure (4) shows the
actuator efficiency as a function of the appliedtage when the dielectric is HDPE. It shows in (4apper
electrodes, that the efficiency increases withitizeeasing of applied voltage for all dielectriécimess (1-5)
mm, also it was denoted that the maximum efficiengy to 0.23, occurs at the thickness of 3mm a7
applied voltage in PMMA actuator. Thatis be@abigher stability as shown to getting resondreguency
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at these values and output power is maximum as sfofigure (2-a). Approximately , same behavippears
in figure (4b) when the electrodes are aluminunt, duthe values of the efficiency are less thaat flor the
case of copper electrodes.
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Fig. 4: The plasma actuator Efficiency as a function of ligdp voltage, for different dielectric
thicknesses, when the dielectric is HDPE and thecteldes materials are a) Copper, and
(b)Aluminum.

Under same conditions, except the dielectric is PMEnother experiment was developed and the results
in figure (5), show approximately same general bihnebut the efficiency values are greater andnttaimum
up to 0.25 when the electrode material is copperapplied voltage 7 kV, and the dielectric thidees 1mm.
also is important to note the efficiency in genémateases with the increasing of the dielectrickihess in high
applied voltage.



252 Mohammed J. Jaderet al, 2016

Australian Journal of Basic and Applied Sciences,d(9) May 2016, Pages: 247-254

0.26
0.24
0.22
=¢—t=1mm
S 0.2
S =fl—t=2mm
s 0.18
E =he=t=3mm
w 0.16
0.14 == t=4mm
0.12 =e=1t=5mm
0.1 T T T T T T T 1
3 4 5 6 7 8 9 10
Vin(KV)
(@)
0.21
0.19
0.17
g 0.15 =—t=1mm
c
:S 0.13 = t=2mm
& 011
0.09 A t=3mm
0.07 == t=4mm
0.05 - T T T T T T 1 2 t=5mm
3 4 5 6 7 8 9 10
Vin(KV)
(b)

Fig. 5: The plasma actuator Efficiency as a function gdli@gl voltage, for different dielectric thicknesseden
the dielectric is PMMA and the electrodes materdais a) Copper, and b) Aluminum.
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Fig. 6: The plasma actuator Efficiency as a function qfligl voltage, for different horizontal distancedien
the dielectric is HDPE and the electrodes matededs a) Copper, and b) aluminum.
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Fig. 7: The plasma actuator Efficiency as a function qfligl voltage, for different horizontal distancedien
the dielectric is PMMA and the electrodes materdaisa) Copper, and b) Aluminum.
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4. The Horizontal Distance Effect:

In same procedure, as previously, the efficiencg walculated for different horizontal distanceswen
the two electrodes. The results show unstable hehavthe efficiency with the increasing of therizontal
distance and applied voltage. But one can indittee the efficiency values became near at theenigpplied
voltages for all distances. Also, and as alwaygravious, the efficiency is greater when the ca¢hisdcopper
and when the dielectric is PMMA as in figure (6J1d).

Conclusions:

From the above results, one can conclude thatpldema actuator efficiency can be controlled by som
operating conditions. This study indicates thatdbpper is better cathode material than aluminuchRMMA
better than HPED as dielectric for better efficignélso the zero horizontal distance and 3mm dieiec
thickness are approximately the better.
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